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NEUROCOGNITIVE FINDINGS IN ADULTS WHO PLAYED YOUTH 
FOOTBALL  
MICHAEL SAGE 
ABSTRACT 
 Chronic Traumatic Encephalopathy (CTE) has been linked to contact sports, most 
notably boxing and American football, due to their propensity for repetitive head impacts. 
Concerns in the community for the safety of athletes in all contact sports has driven a 
significant amount of research into concussions, their long term effects, and strategies for 
treatment and prevention. Knowledge of long term brain health in response to 
neurotrauma is limited, a gap especially noticeable in the literature on non-catastrophic 
brain injuries sustained as a child. Concussion is a common injury that is often self-
resolving with no lasting neurologic or cognitive deficits. Although repetitive brain 
trauma is hypothesized to be necessary and sufficient to lead to CTE, no human or animal 
models have definitively demonstrated the pathophysiologic connection or confirmed the 
mechanism of symptoms. The research to date has been case based, lacking prospective 
cohorts, with data complicated by convenience sampling. These factors limit the 
generalizability of conclusions. 
 CTE is neuropathologically defined with variable symptoms; however, it is only 
diagnosable at postmortem autopsy making the etiology and prevalence difficult to 
understand. As more research is published to understand if there is an association 
between a neurocognitive degenerative disease and contact sports, the concentration is on 
professional athletes. Yet professional athletes do not represent the overwhelming 
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majority of all contact sport participants. The proposed study will compare adults who 
participated in youth football, but not beyond the high school level, to a control group of 
adults who did not play contact sports. Evaluating their cognitive function with an online 
assessment, the Behavior Rating Inventory of Executive Function – Adult Version 
(BRIEF-A), data will be analyzed for signs of clinical cognitive impairment. The 
objective is to measure adults who represent the high percentage of youth football players 
who do not continue to the advanced levels. Data obtained from this study will help 
communities make informed decisions, and create the foundation for future studies on 
long term benefits and risks of contact sports for children.  
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INTRODUCTION 
Background 
Each year, more than 44 million children and adolescents participate in organized 
sports in the United States.1 Understanding the frequency of Sports Related Concussions 
(SRC) in children and adolescents is important on a population level to identify risk 
factors, educate about safety, and implement preventative measures. However, the 
epidemiology of concussion continues to be difficult to establish for a variety of reasons. 
The transient nature of concussion symptoms can make them hard to identify by the 
athlete, coach, parent, or athletic trainer. In addition, pressure to return to play or to 
appear tough may force some athletes to ignore, play through, or lie about the symptoms 
they are experiencing. In the U.S. there are an estimated 1.1 to 1.9 million sports and 
recreation associated concussions annually in children 18 years old or younger. In the 15 
to 24 year old age group, only motor vehicle accidents cause more concussions than 
SRCs.2 
Concussions are defined on the traumatic brain injury spectrum as a mild 
traumatic brain injury (mTBI). Loss of consciousness does not have to occur for a 
concussion to be diagnosed. Short term effects of SRC most frequently includes 
headache, nausea, vomiting, dizziness, slow cognition, and amnesia around the event.3,4 
Unfortunately, as many as 50% of children who sustain an SRC do not seek medical 
attention.5 
Youth football is under increasing scrutiny over concussions due to the reports of 
increased risk of professional athletes developing Chronic Traumatic Encephalopathy 
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(CTE). Concerns over a possible association between repetitive head trauma and later 
cognitive deficits started with boxers in the early 20th century. CTE has been 
hypothesized to result from TBI and be associated with confusion, impaired judgement, 
and progressive dementia.6 Recent CTE studies have captured the media around the 
National Football League (NFL), sparking discussions in communities where youth 
football safety is under question. An estimated 3.4 million children aged 6-18 played 
tackle football in 2015.7 CTE is now at the center of football safety discussion as not only 
concussions, but repetitive subconcussive hits have been suggested to lead to 
neurodegeneration. However, the science of CTE is relatively young, with limited case 
data and selection bias complicating the medical knowledge. 
Statement of the Problem 
Nearly all CTE research has focused on adult athletes and athletes who have 
played in the NFL, providing little insight into short and long-term risks of playing youth 
football. Current medical knowledge of CTE is discovered by studying the athletes that 
have played the longest, at the highest levels, and were exposed to the most impacts. This 
methodology leads to poor generalizability for the average youth football player. 
Significant gaps in the CTE literature include the criteria for diagnosis, incidence, 
prevalence, risk factors, and clinical symptom profile. Case reports and convenience 
samples without controls exist in the literature at this time. There has yet to be a 
prospective cohort study with a matched control group that measures cumulative head 
impacts and assesses for cognitive decline later in life. In addition, no research has 
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focused mainly on youth football and those athletes who never played professionally to 
delineate their risk for cognitive and neuropsychiatric decline as an adult.  
Youth leagues have continued to amend their rulebooks in an effort to increase 
player safety, but the short and long-term effects of these changes are unknown. Pop 
Warner is the largest national youth football league and they have incorporated weight 
restrictions into their age divisions for safety to ensure competition is between children 
with similar size and strength. Pop Warner has limited contact drills in all practices to a 
maximum of one third of the total practice time and eliminated kickoffs in the younger 
divisions in an effort to reduce the highest impact plays. USA Football’s most significant 
shift in football culture was endorsing Heads Up Football, a coaching certification that 
teaches the youth players to focus on tackling technique with the shoulders, and not the 
head, as the main point of contact. Research commissioned by USA Football indicates 
significant decreases in concussions for players trained under this approach, however data 
from nonbiased sources have yet to be published.7 The risks of playing youth football are 
not well understood, and with millions playing every year it is important to research long 
term effects to best inform parents and improve prevention measures. 
Hypothesis 
Adults who played youth football with no football experience beyond the high 
school level, will show impaired neurocognitive function as measured by the Behavior 
Rating Inventory of Executive Function - Adult Version (BRIEF-A) online assessment, 
compared to those in the general population who did not play youth football or other 
contact sports. 
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Objectives 
 CTE is poorly understood at the moment, and research has largely focused on 
professional athletes with the greatest exposure. With the large number of head impacts 
inherent to football, it is important to study their effects on the developing brain. The 
purpose of this study is to focus on the average youth football player who does not go on 
to play professional football and see if their exposure to youth football placed them at 
increased risk of developing neurocognitive or neuropsychiatric impairments. Using a 
similar methodology and assessment as previous studies of former collegiate and 
professional football players, the BRIEF-A online assessment will be used as a measure 
of cognitive impairment between the youth football and control groups. This study will 
help the football community understand if the safety risk is associated with playing youth 
football, or if the risk of CTE is increased only later in the athlete’s career. 
 Specific Aims 
• Determine if there is an association between exposure to youth football and 
neurocognitive impairment as an adult as measured by BRIEF-A. 
• Compare adults who played youth football to the general population who did not 
play a contact sport for a significant difference in the neurocognitive outcomes.  
 5 
REVIEW OF THE LITERATURE 
History 
 Punch Drunk was a term used by boxing fans and promoters in the early 20th 
century to describe fighters who would go “slug nutty” or “stumble-bum” after taking 
significant head trauma.8 It was used to describe the immediate symptoms seen after a 
blow, and the later manifestations that forced some fighters into asylums. Harrison 
Martland introduced the term to the medical literature in 1928 to describe the syndrome 
seen in poorly skilled boxers who sustained significant amounts of head trauma 
throughout their careers. They would leave their heads in vulnerable positions and take 
repetitive hits to the head in an attempt to set up one knockout punch. It was theorized 
that repetitive mild traumatic brain injury (mTBI) sustained over a career led to a frank 
dementia. The wide spectrum of clinical manifestations was broad but considered to be 
similar to encephalitis caused by syphilis or brain tumors. Martland’s syndrome had a 
delayed onset and included confusion, amnesia, cognitive decline, apraxia, deafness, 
ataxia, and parkinsonian movements along with other neurocognitive and behavioral 
deterioration.9 Over the following decades, the term dementia pugilistica was coined 
because this syndrome was thought to be only in professional pugilists [boxers]. 
 Chronic progressive traumatic encephalopathy of boxers was coined by Critchley 
in 1949 to describe the gradual cognitive and physical decline seen in retired boxers with 
significant head trauma throughout their careers.8 Case studies were produced during that 
period utilizing different histological techniques, but consistent findings emerged: 
cerebral atrophy, enlargement of ventricles, neuronal loss, and accumulation of 
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neurofibrillary tangles.10 Critchley studied a case series of 69 retired boxers with chronic 
neurological deficits and found that “punch drunk” was seen more common in 
professional boxers than amateurs, and more common in the second and third tiered 
boxers rather than the champions. He also found many of the cases were in smaller men 
who would routinely fight against boxers heavier than themselves.8 Some debate 
continues over whether these early cases of punch drunk and dementia pugilistica 
represent the same condition as modern CTE. A recent systematic review of 158 
published autopsy cases found critical differences in age of onset, diagnostic criteria, 
progression of clinical symptoms, and pathological findings between dementia pugilistica 
and modern CTE. Moreover, the lack of prospective data for dementia pugilistica, the 
varied histopathological techniques, and failure to account for comorbid variables such as 
substance abuse and other neurodegenerative disorders indicates that these two disorders 
should be viewed as distinct variants of progressive tauopathies secondary to brain 
trauma.6,11 
Pathophysiology of CTE 
The advancement of histopathological techniques along with better understanding 
of similar neurocognitive disorders has created a more precise definition of CTE. Modern 
CTE is defined using the National Institute of Neurological Disorders and Stroke 
(NINDS) and the National Institute of Biomedical Imaging and Bioengineering (NIBIB) 
criteria. CTE can only be diagnosed with postmortem brain tissue analysis, similar to 
Alzheimer’s Disease (AD). However, unlike AD, the clinical presentation is not as clear 
and no reliable biomarkers have been identified.  
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According to criteria jointly established by NINDS/NIBIB, the pathognomonic 
cerebral lesion of CTE consists of perivascular phosphorylated-tau aggregates in neurons, 
astrocytes, and cell processes in an irregular spatial pattern deep in the cortical sulci. The 
irregular, patchy distribution of p-tau deposits in the superficial layers (cortical lamina II 
and III) of the depths of the sulci differentiates CTE from other tauopathies.10,12 
Hyperphosphorylated tau has been described in 20 different neuropathological 
conditions, including AD, Lewy Body Dementia, Frontotemporal Dementia, Parkinson’s 
Disease, and as a part of normal aging.13 The distribution of p-tau deposits in AD is in 
layers V and VI and tends to be diffuse and symmetrical. McKee et al. assert that 
perivascular tau deposits are not seen in any other neurodegenerative conditions.14 
Amyloid-beta plaques and abnormal deposits of transactive response DNA-binding 
protein 43 are also commonly seen in CTE, but are only supportive neuropathological 
findings not required for diagnosis.10 
Tau is a protein found throughout the brain that stabilizes microtubule fibrils 
within axons. Cytoskeletons are made of microtubules that function to support cell shape, 
motility, transport of vesicles and organelles, axonal outgrowth, and mitosis.15 Normally 
activated by phosphorylation, hyperphosphorylation can lead these typically soluble 
proteins to disassociate from microtubules and assemble into insoluble neurofibrillary 
tangles (NFT).16 Microtubules then become unstable and are unable to facilitate 
intracellular transport. The effects of NFTs on brain development, brain function, and the 
subsequent clinical consequences, if present, are not well understood. NFTs are thought 
to affect long-projecting white matter tracts leading to denervation of cell populations, 
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and ultimately disrupt normal cellular communication. In AD, it has been observed that 
the level of NFT burden correlates with disease severity, but exactly how NFTs 
contribute to clinical findings is unclear.15,17,18 
Gross neuropathological findings characteristic of advanced CTE as defined by 
McKee et. al include fenestrated cavum septum pellucidum, locus coeruleus and 
substantia nigra pallor, dilated ventricles, and atrophy of the medial temporal lobe, 
thalamus, and mammillary bodies.14 The suggested pathophysiology is that traumatic 
brain injury induces axonal damage that leads to tau phosphorylation, ultimately causing 
trans-synaptic neurotoxicity and eventually progressive brain atrophy. However, this 
progression has yet to be objectively demonstrated in human or animal models.  
Traumatic Brain Injury (TBI) 
 Definitions of TBI are not consistent, with classifications varying across the 
literature. Generally, it is defined as a closed or penetrating head injury caused by an 
external force provoking transient or permanent effects on brain function. It happens to 
all ages, with peak incidences in the very young and elderly, along with late adolescent 
males.4 A concussion is a mild form of TBI, and more serious injuries are labeled as 
moderate and severe TBI. Classifications of TBI are commonly based on Glasgow Coma 
Scale (GCS). Over 80% of TBI falls into the mTBI category (GCS 14-15), including 
concussion. Moderate TBI (GCS 9-13) comprises approximately 10% of all TBI. Severe 
TBI is seen in patients with a GCS 3-8.19 The International Conference on Concussion in 
Sport disseminated a consensus statement defining sport-related concussion on the 
spectrum of TBI, induced by biomechanical forces via a direct impact to the head, face, 
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neck, or somewhere else on the body with a transitional force impacting the head.3 
Symptoms of concussions cover a wide range and can be categorized into 4 types: 
somatic, mood, sleep disturbance, and cognitive (Table 1 lists the most common 
symptoms). In a high school population, the most common symptoms seen in SRCs were 
headache (94.2% of cases) and dizziness (75.6% of cases).4 The majority of SRCs occur 
without loss of consciousness or obvious neurological deficits, and involve spontaneous 
resolution of symptoms, although prolonged in some cases.3,4 
Table 1: Common symptoms of concussion.3,4 
Somatic Mood Sleep Disturbance Cognitive 
Nausea 
Vomiting 
Headaches 
Balance Difficulty 
Visual Disturbance 
Dizziness 
Weakness 
Photophobia 
Phonophobia 
Depression 
Anxiety 
Irritability 
Labile Emotions 
Apathy 
 
Hypersomnia 
Insomnia 
Somnolence 
Loss of Consciousness 
Difficulty Concentrating 
Slow Cognition 
Retrograde Amnesia 
Anterograde Amnesia 
Confusion 
 
 
 
Pathophysiology of Concussion 
 Understanding concussion acutely is a challenge due to the transient nature of the 
neurological deficit and the often lack of detectable neuropathological changes. There is 
no mass effect, minimal anatomic changes, and patients survive without pathological 
evaluation rendering the in vivo research of the physiology of concussion with sparse 
data. A neurometabolic cascade of concussion has been elucidated through animal 
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models to explain the neuronal dysfunction (Figure 1). Immediately after the trauma to 
the head, there is a dumping of excitatory neurotransmitters, namely glutamate, that 
activate the N-methyl-D-aspartate (NMDA) receptors. Coupled with excessive influx of 
calcium and efflux of potassium out of the neuronal cells, the NMDA receptor activation 
leads to widespread neuronal depolarization.20,21 The massive excitation via NMDA 
receptors is followed by a relative neuronal depression called spreading depression. This 
depression contributes to loss of consciousness, headache, and other cognitive 
dysfunctions seen early in concussion.22 
 The main compensatory mechanisms to the massive depolarization is the 
sodium/potassium adenosine triphosphate (ATP) pump, which kicks into overdrive to 
repolarize the neuron and restore membrane potential. This pump consumes significant 
amounts of ATP, requiring increased glucose metabolism. While glucose is being 
depleted, a decrease in cerebral blood flow post-trauma by nearly 50% yields decreased 
amounts of available glucose and a cellular energy crisis.21 In addition, excessive calcium 
accumulates intracellularly in the mitochondria and inhibits oxidative phosphorylation.22 
Impaired mitochondria produce reactive oxygen species that create irreversible damage to 
cell membranes. This energy crisis is thought to be a key contributor to cognitive and 
memory deficits, as well as post concussive vulnerability due to the inability to 
adequately repair the brain and defend against additional trauma. 
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Figure 1: Time course of the neurometabolic cascade of concussion.21 
The anatomy of the pediatric patient also places them at greater risk for TBI than 
adults. Reduced skull thickness, less developed muscles in the neck, and increased head 
to body ratio all contribute to greater forces acting on the brain. TBI can produces two 
pathological injuries, focal and diffuse. The most common form of focal neurological 
injury is cortical contusion. Cortical contusion occurs on the crests of the gyri when the 
brain impacts the skull. It is associated with localized injury to cortical and subcortical 
tissue, accompanied by hemorrhage, edema, and ischemia. Mass effect from edema may 
cause secondary effects, including further ischemia, brain herniation, or contusion 
necrosis.  Diffuse injury manifests as Diffuse Axonal Injury (DAI), which is the 
widespread disruption of axolemmal membranes due to strain from stretching or shearing 
forces, ultimately leading to degeneration of the distal portion of the axon. This damage 
to the white matter tracts in addition to microhemorrhage creates a spectrum of clinical 
symptoms as severe as coma and death.23  
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The type of head impact will influence the forces exerted on the brain. Every 
impact contains both linear and rotational forces that can damage the brain in different 
ways. When two football players have a primary point of contact at the supero-frontal 
portion of the helmet, a linear force is applied to the brain along the anterior-posterior 
axis. Rotational forces are seen when a boxer sustains a punch to the lateral chin causing 
the head to rotate around the fixed axis of the spine. As a whole, the brain moves very 
little inside of the skull and is relatively incompressible. There are only a couple of 
millimeters of space between the brain and the skull and that space is filled with 
cerebrospinal fluid (CSF). CSF acts as a protective layer to cushion the brain’s impact on 
the skull, and reduces the potential linear forces. The brain is very soft and malleable, 
meaning it can twist and contort and stretch as your head moves back and forth. 
Therefore, shear stresses are more common than compressive stresses, and rotational 
acceleration in the skull is favored over linear acceleration. Shear and rotational stress are 
the forces that are thought to create the DAI damage seen deeper than the damage seen to 
the surface of the brain.4,6 Currently, no biomechanical threshold has been established to 
predict how strong of a force is required to cause concussion or DAI. 
Concussion Diagnosis 
 The athlete with a possible concussion is ideally seen by a healthcare provider 
who has experience evaluating head injuries and is familiar with the patient’s baseline 
neurological function and health history. Concussion is a clinical diagnosis with no lab 
tests or imaging for confirmation necessary, but they may be utilized to rule out more 
serious consequences of TBI, such as skull fracture and intracerebral hemorrhage, or 
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other causes of the neurological impairment. However, they cannot confirm the diagnosis 
of concussion, ascertain the severity of the injury, or guide management.  
 Any athlete who displays concussive symptoms, whether or not a significant blow 
to the head or body was sustained, should be immediately removed from the field of play 
and evaluated on the sidelines by medical personnel. Specific attention should first be 
given to rule out injuries to the cervical spine, and emergency services should be 
contacted if signs of serious brain or spinal injury. If the player is on their feet but is 
suspected to have a concussion, an important safety strategy is hold onto a piece of 
equipment necessary to play, such as a helmet, to avoid a return to play until the 
assessment is complete. The Sideline Concussion Assessment Tool – 5th edition (SCAT5) 
has emerged as the most widely used tool, supported by both USA Football and the NFL. 
SCAT5 is a multifaceted assessment updated in 2017, is intended for use by medical 
professionals only, and can be administered in 15-20 minutes in a distraction free 
environment.24 The components the SCAT5 utilizes include the GCS and a series of 
questions investigating loss of consciousness. A cognitive screening plus Maddock’s 
Score are used to assess memory and recall abilities (Table 2). Concussion symptoms are 
evaluated on a severity scale, and cognitive function is assessed by the Standardized 
Assessment of Concussion (SAC). Balance and coordination are examined using the 
Modified Balance Error Scoring System (BESS). The goal of the SCAT5 is a structured, 
rapid sideline screening and should not take precedent over clinical judgement or further 
evaluation in the emergency department, at primary care, or a neurologist. There is also a 
modified version recently released called the ChildSCAT5 only for children aged 5-12. 
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Although there are no published studies to validate it at the population level, the 
individual tools modified from the SCAT5 have been evaluated and proved to be more 
effective in this younger population.25  
Table 2: Maddock’s Questions to assess memory and recall. Score one point for each 
correct answer.24 
"I am going to ask you a few questions, please listen carefully and give your best effort." 
1. At what venue are we today?  
2. Which half is it now?  
3. Who scored last in this match?  
4. What did you play last week?  
5. Did your team win the last game? 
 
Recent advances in MRI utilizing diffusion tensor imaging (DTI) allows 
investigators to identify damage to white matter and axons in vivo. This may allow for 
definitively diagnosing and characterizing the severity of concussions via imaging. DTI 
measures the changes in directionality of water diffusion thought to indicate disruption in 
the integrity of white matter tracts.21 Correlations between white matter diffusion metrics 
and head impact measures, in the setting of collegiate contact sports, supports the use of 
DTI as a clinical tool to diagnose TBI. This same study also demonstrated the burden of 
neurological deficit directly correlated with the degree of change shown by DTI.26 
However, it is likely that multiple factors influence the DTI measurement such as 
the area of brain injured, age of the patient, and time since the injury. The effects of these 
factors are not well understood yet, reducing the specificity of this imaging modality. 
DTI appears to have high sensitivity for mTBI with white matter damage and in the 
future may be an important imaging tool when clinically managing TBI patients.21 
 
 15 
Concussion Treatment 
An uncomplicated TBI is a mild TBI that displays no abnormalities on 
neuroimaging. A systematic review conducted by the World Health Organization showed 
that uncomplicated TBI in children carries a favorable prognosis, with complete recovery 
and little evidence of residual neurocognitive or behavioral deficits the standard 
outcome.27 One myth popularized by the entertainment industry is that falling asleep with 
a concussion is will have deadly consequences. If the patient continues to have an altered 
level of consciousness, then imaging in a hospital setting is highly recommended to rule 
out a hemorrhage where treatment is time sensitive. Otherwise, the American Medical 
Society for Sports Medicine no longer recommends keeping patients awake or employing 
frequent awakenings. Sleep is desirable to reduce the metabolic stress on the brain and 
aides in brain repair and recovery.5 
Athletes who are suspected or diagnosed clinically with concussion should not 
return to sport in practice or competition the same day as the injury.25 Athletes who 
sustain a possible concussion should be seen in the ED or by their primary care provider 
within 24 hours to understand the baseline symptoms and monitor for prolonged or 
worsening symptoms. It is preferable to see a clinician who is familiar with the child for a 
better assessment of their current state compared to their pre-injury state. Once a 
diagnosis of concussion has been made, physical and cognitive rest is the current 
recommended treatment for concussion. However, recently there has been a shift away 
from complete bedrest towards a more active recovery with sub-maximal exercise for 
patients with prolonged symptoms.28 It is proposed that this exercise should not occur too 
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soon after the injury because animal models do not demonstrate the same neuroplastic 
benefits when exercising on a brain still in energy crisis. The timing for when to initiate a 
more active recovery has not been established as this theory has not yet been validated in 
human research.29 
Graduated return to play, school, and work protocols have been established to 
provide adequate time for physical and cognitive rest and ease the child back into their 
normal routine. The neurometabolic energy crisis hypothesized in the concussion cascade 
may provide a basis for the benefit of cognitive rest to facilitate recovery while the 
energy stresses are high. There is no consensus on the optimal time period for rest and 
what types of activities should be restricted. The goal of cognitive rest is to not make 
symptoms worse. Cognitive rest includes avoiding screens such as phones, computers, 
television, and video games. Academics are commonly overlooked and the student is 
often expected to return to a full academic load. If the student can only go to school for a 
half day without increasing the intensity of symptoms, that is the recommended starting 
point. The approach is trial and error, seeing what they can handle and working with the 
school when adjustments need to be made. Intense concentration can exacerbate the 
cognitive symptoms and may prolong recovery, so homework time should be limited 
after the concussion and increased over time.30 
Immediate physical rest will help the child diminish the likelihood of a destructive 
second injury while the brain is still vulnerable, called second impact syndrome. Physical 
rest should include nothing more physically strenuous than walking. The objective is to 
not raise the blood pressure or heart rate while the brain is in metabolic stress. Return to 
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play in football should include symptom free aerobic exercise, followed by non-contact 
drills, practice with full contact, and only after that a return to competition. A slow taper 
back to baseline should be used with reassessment any time symptoms return or worsen 
after increasing activity.28 
Post-Concussion Syndrome 
Of all symptomatic concussions, 80-90% completely resolve to pre-injury 
baseline in 7-10 days post head trauma.3 A minority of concussion patients will 
experience symptoms that continue to impair normal activity for weeks, months, or years. 
Post Concussive Syndrome (PCS) is a cluster of concussive symptoms following TBI that 
continue beyond one month. PCS is a controversial diagnosis due to the variable 
diagnostic criteria and inconsistent symptom clusters. Majority of pediatric clinicians 
who see a high volume of concussions in their practice recognize PCS as greater than one 
month of symptoms. However, some diagnose as soon as two weeks and others wait until 
three months31 Loss of consciousness does not have to occur for PCS to develop, 
according to most clinicians and definitions. The consequences of PCS can be 
devastating to a pediatric patient. Exercise intolerance can keep them from regular 
activity and sports, and neurocognitive dysfunction can severely impact school 
performance. No standard definition outlining diagnostic criteria makes identifying PCS 
and measuring the incidence a challenge. Recent studies have found the rates of PCS to 
occur in anywhere from 1.5-35% of concussions.31-33 Two of the most cited definitions 
for PCS, found in ICD-10 and DSM-IV, are outlined in Table 3. Importantly, they differ 
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in length of time symptoms must persist, requirement for loss of consciousness, and 
various clinical signs that are used to diagnose. 
Table 3: Comparing definitions of PCS.4 
  
Identifying those at increased risk for PCS may help stratify those who should be 
followed more closely after mTBI with more restrictions on return to play. PCS was 
found to occur more often in children with personal or family history of preinjury 
psychiatric illness or mood disorder, history of migraines, individuals who have sustained 
multiple concussions, and those who experience additional head trauma while still 
symptomatic from a previous concussion.32  
Second Impact Syndrome 
 The most concerning sequela of TBI is second impact syndrome (SIS) generally 
seen after a second brain injury while the brain is still recovering from a previous TBI. 
SIS is characterized by massive cerebral edema with mortality rates at 60-80% due to 
International classification for disease 10th revision clinical criteria for PCS
•Head trauma usually severe enough to cause LOC within 4 weeks of symptoms onset
•Preoccupation with symptoms plus fear of brain damage
•At least three of the following: headache, dizziness, malaise, fatigue, insomnia, noise intolerance, 
irritability, depression, anxiety, emotional lability, impaired memory or concentration or cognition.
Diagnostic and statistical manual of mental disorders, fourth edition criteria for PCS
•Head trauma that caused significant concussion
•Neurocognitive evidence of impaired memory or attention
•At least three of the following for at least three months: Fatigue, impaired sleep, irritabilty, 
aggression, depression, lability, anxiety, headache, dizziness, personality change. 
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autoregulation dysfunction in the brain.19 Many patients that live through SIS have 
significant lifelong neurological deficits. It is theorized that SIS disrupts ion balance and 
cerebral autoregulation in a vulnerable brain, and the disordered autoregulation causes a 
rise in intracranial pressure that can eventually cause brain herniation and coma. One 
study of SIS in high school and college football players had 94 participants with severe 
TBI and found that 39% of these individuals were competing with lingering neurologic 
symptoms present from a previous head trauma when they sustained the catastrophic 
head injury.34 
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Existing Research 
The gaps in the CTE literature are substantial. Because CTE can only be 
diagnosed postmortem, the incidence and prevalence of CTE are largely a mystery and 
will require in vivo diagnosis to be fully appreciated. In addition, only retrospective 
studies have been published. Without prospective data measuring head impacts and 
following athletes for CTE symptomatology, quantifying the risk of developing CTE 
between sports and athletes is an immense challenge. Because the research is largely 
retrospective at this point, there is a recognized sampling bias that almost certainly 
overestimates the prevalence of CTE. The brains examined postmortem at the Boston 
University’s Chronic Traumatic Encephalopathy Center and The Brain Injury Research 
Institute, the two major research centers publishing a majority of the case studies on CTE, 
were donated by the individual or their family because of their history of severe repetitive 
brain trauma and extensive neurocognitive symptoms. These brains are valuable to 
defining the pathologic criteria for CTE and correlating pathology to clinical 
manifestations, but this convenience sample has gained massive attention in the media 
leading to many misleading headlines and news stories that reach beyond what the 
science has demonstrated. 
The science of CTE is in its infancy yet the national debate is far outpacing it. A 
study by McKee et al. 2017 examined the brains of 202 deceased former football players 
of various levels and neuropathologically diagnosed CTE in 177 of them. Of the 111 
National Football League (NFL) players in the study, 110 of them were found to have 
CTE pathology (99%).35 The study utilized patients from the Concussion Legacy 
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Foundation who were not randomly selected, they represent athletes who were already 
suspected of having CTE, thus motivating the brain donation. This is an important study 
because it demonstrates the upper limit of the prevalence of CTE is as high as 99%. 
Among the special subset of brains they have chosen to examine, this rate is in line with 
previous findings by this group. McKee et al. 2013 found CTE pathology in 34 of 35 
retired professional football players.36 However, this data does not inform about the lower 
limit or actual CTE prevalence because the convenience sample is not representative of 
NFL players. Among the 34 cases of diagnosed CTE in these professional football 
players from the study, two had CTE plus Alzheimer’s Disease, four showed CTE plus 
Lewy Body Dementia, four had CTE plus Alzheimer’s Disease and Lewy Body 
Dementia, four had CTE plus Frontotemporal Dementia, and there were three with CTE 
plus Amyotrophic Lateral Sclerosis.36 15 of the 34 cases of CTE found in these 
professional players were accompanied by other neuropathology, suggesting that clear 
distinctions between CTE and other neurodegenerative processes may still be lacking. 
In addition to athletes who played in the NFL, McKee et al. also found mild CTE 
in 3 of 14 players whose highest level of play was high school football, and in 0 of 2 who 
only played youth football.36 Age of first exposure to football is one modifiable variable 
in the general population that has been explored recently. Youth football is started as 
early as five years old, and the next decade of life is a period of substantial cerebral 
development with significant changes in myelination, hormones, neurotransmitters, brain 
water content, and synaptic connectivity.4,37 The long-term effects, if any, of repetitive 
subconcussive or concussive impacts during this period of maturation have not been 
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established. A 2015 study by Stamm et al. worked with 42 retired NFL players aged 40-
69 selected from an ongoing CTE study with the hypothesis that those who started 
playing football earlier would have worse cognitive function. The athletes played a 
minimum of two years in the NFL and at least 12 years of football overall. Age of first 
exposure to American football was treated as a dichotomous variable, one cohort was 
first exposed before age 12 and the other cohort 12 and older. The outcomes measured 
were the Wisconsin Card Sort Test to measure executive function, the 
Neuropsychological Assessment Battery List Learning Test for memory, and the Wide 
Range Achievement Test for reading. Results showed that NFL players with earlier 
exposures to football had increased impairment of executive functioning, immediate and 
delayed recall, and verbal IQ. A major confounder not addressed by this study is 16% of 
the group exposed to football before age 12 had a diagnosed learning disability, in 
contrast to 0% of the 12 and older group.38 A learning disability would predispose the 
athlete to impaired cognitive development and could significantly skew the outcomes 
measured, as opposed to the earlier exposure to football as concluded by the study. 
Solomon et al. pointed out that there was also a significant difference in the player 
positions, with more positions prone to concussions represented in the under 12 years old 
cohort versus the 12 and older cohort (57% to 28%).39 Finally, although a control group 
of former elite noncontact sport athletes was used, their results were not reported in the 
analysis for unknown reasons. The conclusions made by that study were clear, 
participating in football before the age of 12 was associated with cognitive deficits later 
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in life. However, generalizing results to the average youth athlete based on the data from 
retired NFL players has produced some controversy in subsequent discussions. 
To cross validate the Stamm et al. findings, Solomon et al. studied an independent 
cohort of 45 retired NFL athletes to confirm that age to first exposure to tackle football is 
a variable that impacts cognitive functioning of the athlete as an adult. This study 
measured years of exposure to pre-high school football (PreYOE) as a continuous 
variable with neuroradiological, neurological, and neuropsychological outcomes. The 
neuropsychological outcomes were a battery of tests designed to assess verbal and visual 
memory, executive function, attention, memory, and verbal IQ. Solomon was not able to 
replicate the results of Stamm et al., finding no statistically significant difference between 
PreYOE and neurologic/neuropsychiatric outcomes.39 However, the mean participant age 
in this study was 46.7, compared to about 52 in the previous study. Considering many 
signs of neurodegenerative diseases onset late in life, it is possible results would be 
different in an older population. This study was similarly undersized to the previous; 
however, it considered additional covariates with added outcome measures yet found no 
association between early exposure to football and cognitive deficits. The findings were 
called into question by McKee et al. in the most recent study on age of first exposure 
because of claims that the NFL helped fund this study, suggesting a conflict of interest. 
 The most recent study on age of first exposure to American football, again by 
McKee et al., sampled 214 former American football players from an ongoing 
longitudinal study on Alzheimer’s Disease. The athletes played at least through high 
school and were again stratified into two groups: age of first exposure before 12 years 
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old, or first exposure 12 and older. This study was designed to address Solomon’s 
concerns of small sample size, studying exclusively professional athletes, and the lack of 
control for learning disability seen in the Stamm et al. study. The measures were changed 
to better capture clinical domains impacted by repeated head trauma. Four new measures 
applied were the Behavior Rating Inventory of Executive Function – Adult Version 
(BRIEF-A), Brief Test of Adult Cognition by Telephone, Center for Epidemiologic 
Studies Depression Scale, and Apathy Evaluation Scale. In line with their previous 
research, this study found that beginning football before the age of 12 was associated 
with higher rates of clinically significant impairment in executive function, behavior 
control, and increased risk of depression.40 
The BRIEF-A is a comprehensive and widely-used online based assessment 
consisting of 75 items that measures executive function behaviors using three point Likert 
Scales. Raw scores are then converted to a t-score compared against normative data of 
1,136 adults. T-scores greater than or equal to 65 (1.5 standard deviations above the 
normative mean) are considered impaired, with higher scores indicating an increasing 
level of dysfunction.41,42 The BRIEF-A has been validated in adults aged 18-90 for 
evaluating subtle deficits in executive function and has been shown to be selectively 
sensitive for TBI that have adverse cognitive and behavioral effects.43 
SIS is one of the most serious sequelae of multiple concussions that has been 
targeted by recent safety changes at all levels of football. Prior concussion is a serious 
risk factor for sustaining additional concussions with the greatest risk in the first 10 days 
after concussion.21 The neurometabolic energy crisis places the brain in a vulnerable 
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state, necessitating return to play protocols to allow for recovery and to reduce the risk of 
SIS. Defining the time that the brain requires for recovery is a challenge because 
presently we have no diagnostic test or biomarkers to measure, there are pressures to 
return to play, and every brain likely experiences this period of vulnerably for different 
durations.  
Concussion assessments have been designed to track symptoms and objectively 
determine when is safe to return to contact sports. Cognitive symptoms are thought to 
persist longer than subjective symptoms, so computer based neuropsychological 
assessments are now the standard in over a third of high school football programs across 
the United States. The most common is the Immediate Post-concussion And Cognitive 
Testing (ImPACT) battery that takes 25 minutes to evaluate verbal memory, visual 
memory, reaction time, cognitive processing speed, attention, and mathematical 
sequencing (Table 4).44 A study of ImPACT testing by Fazio et al. found that athletes 
who sustained a concussion and reported themselves as asymptomatic still performed 
worse on all cognitive domains assessed by ImPACT compared to the match control 
group.45 Using these cognitive deficits can provide a timeline for return to play based on 
return to pre-injury baseline, allowing objective data to supersede emotions and 
subjective descriptions of the athlete. It’s important to note that neurocognitive testing 
only has validity when a pre-injury baseline is established using the same test. 
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Table 4: ImPACT Neurocognitive Battery, adapted from Fazio et al 2007.45,46 
Computerized 
Neurocognitive Test 
Test Method 
X’s and O’s Random X’s and O’s across the screen with 3 
highlighted. The location of the highlighted letters is 
tested after a distractor task. 
 
Symbol Match 
 
9 symbols are each given a number. The symbol is 
displayed alone and the subject must identify the 
corresponding number. 
Color Match The word “Red,” “Green,” or “Blue” is shown in 
either red, green, or blue coloring. The subject 
identifies when the word matches its color. 
Word Memory 12 target words are given and after a delay must be 
identified from a series of 24 words. 
3 Letters Memory 3 consonants must be recalled after a distractor task. 
Design Memory 12 designs are given and after a delay must be 
identified from a series of 24 designs. 
  
Composite Score Computerized Neurocognitive Test 
Reaction Time X’s and O’s Test, Symbol Match, Color Match 
Verbal Memory Word Memory, Symbol Match, 3 Letters Memory 
Visual Memory Design Memory, X’s and O’s 
Visual Motor X’s and O’s 
Processing Speed Symbol Match, 3 Letters Memory 
 
Data from the National High School Sports Related Injury Surveillance Survey 
was used to examine concussion rates across 20 sports of interest in over 100 schools 
from 2008-2010. Over 7.7 million athletic exposures, including practices and 
competitions, were followed by athletic trainers. The concussion rate in football was the 
highest at 6.4 concussions per 10,000 athletic events (AE), followed by boys’ ice hockey 
(5.4 per 10,000 AE) and boys’ lacrosse (4.0 per 10,000 AE). For all sports except 
cheerleading, the risk of concussion was substantially higher in competition than 
practice.47 Increased surveillance in football as compared to other sports, and hyper-
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awareness of concussions surrounding football may have contributed to the higher rates 
seen in football. However, the authors suggested the magnitude of this effect would not 
lower the concussion rate to the levels of other sports.  
CTE continues to be a controversial topic because the hypothesized prognosis is 
serious, while the science is still developing. Every study claiming it as a distinct 
neuropathological process benefits from a convenience sample of individuals who were 
already suspected of having neurological disease, with the repetitive head trauma the 
assumed cause. Without prospective studies and studies that include control groups, the 
findings from these convenience samples provide more questions than answers. As has 
been shown by Alzheimer’s Disease research, significant neuropathological changes can 
be seen in individuals who demonstrated no cognitive impairment.13 Likewise, caution 
must be exercised in interpreting CTE research where pathology may be demonstrated, 
but causal evidence has not been established between the neuropathology and clinical 
symptomology. In addition, casual evidence has yet to validate a career in contact sports 
leading to the clinically seen neurological changes of CTE, again because of the biased 
sample without a control group in these studies. Furthermore, generalizing results from 
studies conducted exclusively on professional athletes to the average youth sports 
participant is not strong science.13  
Concussions are a common injury in the pediatric population and warrant a 
significant amount of focus due to the hypothesized sequelae of CTE. No treatment is 
currently available for CTE, and it is seen as a preventable disease.48 There is no denying 
that repetitive brain trauma has the potential for serious consequence and further research 
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should not be discouraged. However, the CTE literature has yet to demonstrate with 
controlled prospective data that youth football places athletes at risk for cognitive 
impairment as an adult. Prevalence will only be understood when large scale 
epidemiologic studies of athletes exposed to repetitive head trauma demonstrates 
neurocognitive and neurobehavioral symptoms later in life. Elucidating the risk factors 
will require prospective cohort studies at all levels that take into account premorbid 
neurobehavioral status. The case reports and convenience samples have fueled interest in 
CTE and prove it is worth studying, but are low on the hierarchy of evidence-based 
studies and should not be used as definitive evidence alone. Discussions about safety 
within football organizations and in the community at large are sparking rule changes and 
more broad culture shifts seemingly for the better. It is imperative that the scientific 
research guide those discussions to ensure changes lead to improvements in the long-term 
health of our young athletes.  
This observational study, the first of its kind, proposes to examine the 
hypothesized adverse effects of participation in youth football by excluding individuals 
who played beyond the high school level. Excluding this population will aid in 
determining if onset of risk is during the youth football years, or only with increased 
frequency, intensity, and accumulation of impacts. The conclusions from observational 
studies that focus on participation at the youth levels plus prospective cohort studies that 
follow youth athletes will provide a scientific foundation for increasing safety in contact 
sports.  
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METHODS 
Project Design 
The proposed study will be a retrospective observational study investigating the 
long term neurocognitive effects of playing youth football. Two cohorts will be defined 
based on exposure or no exposure to youth football between the ages of 6 and 17. Their 
neurocognitive status as adults will be measured with an online administered cognitive 
assessment.   
Population and Sampling 
 Participants for this study will be parents of current youth American football 
players who currently live in the New England region of Pop Warner Football. A 
voluntary sample from a population consisting of male parents of current youth football 
players will be utilized, with the assumption that many parents of current youth players 
also played in their youth. Parents will be solicited for participation using the New 
England Region Pop Warner Football parent email list. Individuals who did not play any 
contact sports in their youth will be categorized into the control group. Contact sports 
include American football, hockey, boxing, rugby, soccer, and wrestling. The experiment 
group will be parents who played youth football from similar demographics such as race, 
socioeconomic status, and education level. Inclusion and exclusion criteria are explicitly 
defined in Table 5. Subjects in both groups will be between the ages of 30-49, the age 
range when it has been suggested that early cognitive signs of neurological disease 
appear.4,37,38 
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Table 5: Inclusion and exclusion criteria. 
Experiment Group 
Inclusion Criteria 
 
 
Exclusion Criteria 
 
- Male aged 30-49 
- Played youth football for at least one season between ages 6-14 
 
- Female 
- Participation in non-football contact sports between ages 6-14 
- Football participation at collegiate or NFL level 
- Recent TBI in last year 
- History of brain tumor, brain surgery, stroke, multiple sclerosis, 
seizures, end stage renal disease, HIV/AIDS, liver failure, alcohol use 
disorder, drug use disorder, or psychiatric disorder 
Control Group 
Inclusion Criteria 
 
 
Exclusion Criteria 
 
- Male aged 30-49 
- Played no contact sports between ages 6-14 
 
- Female 
- Recent TBI in last year 
- History of brain tumor, brain surgery, stroke, multiple sclerosis, 
seizures, end stage renal disease, HIV/AIDS, liver failure, alcohol use 
disorder, drug use disorder, or psychiatric disorder 
 
 A t-score of 65 or greater defines clinical neurocognitive impairment on the 
BRIEF-A.50 Based on previous research, the mean for a group without cognitive 
impairment is 50, while a mean of 58 can be expected for a football exposed group.41,49,50 
The BRIEF-A has an establish standard deviation of 10, yielding a sample size of 25 
participants for each group, totaling 50 study participants.50,51 Assuming a 15% response 
rate, at least 334 adults will need to be initially contacted to reach a significant sample 
size with a 95% confidence level and 80% power. 
Recruitment  
 Participants in both the youth football group and control group will be contacted 
via email to parents of current Pop Warner New England region players. The New 
England region of Pop Warner consists of Massachusetts, Connecticut, Rhode Island, 
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New Hampshire, Vermont and Maine. The email request will outline who is conducting 
the study, what is being researched, who is funding the research, and what participation 
will involve. Participants will voluntarily respond to the email request if interested. 
Inclusion and exclusion criteria will be assessed by the initial survey. Informed consent 
including benefits and risks will be obtained from those that meet criteria, before any data 
collection occurs. Subjects will be able to withdraw consent at any time.  
Data Collection 
 All individuals agreeing to participate and providing consent will be sent an email 
with a link to the 5 minute electronic survey for demographic information and athletic 
history. Important sample characteristics that will be collected are listed in Table 6. This 
information is critical to ensuring the two groups are similar in demographics and will 
give more information on the athletic history of the sample. It will also provide the basis 
for dividing the sample into two groups, those who participated in youth football, and the 
control group without contact sport history. Demographic data will be de-identified for 
the privacy of each individual, and coded to be matched to BRIEF-A data. All survey 
data will be securely stored on password protected research only computers. 
Table 6: Sample Demographics
• Age 
• Height 
• Weight 
• Education 
• History of ADHD or 
learning disability 
• Military experience 
 
• Age of first 
experience to 
football 
• Years of football 
played 
• Primary position 
• Highest level of 
football played 
• Number of football 
concussions  
• Number of non-
football concussions 
• Other contact sport 
participation 
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At the completion of the survey, a link will be provided to continue to the BRIEF-A 
assessment for both the youth football group and the control group. The BRIEF-A is an 
online, 75-question evaluation of several domains of executive function in everyday 
activities over the last 30 days that has been validated for studying TBI in adults.42,50 
Taking 20 minutes to complete, domains measured include: Inhibit, Self-Monitor, 
Plan/Organize, Shift, Initiate, Task Monitor, Emotional Control, Working Memory, and 
Organization of Materials. All of the domains combine to form the Global Executive 
Composite score.49 Because this is an online assessment, there is no inter-rater variability 
as seen on other paper or telephone assessments. BRIEF-A data is collected and stored by 
Psychological Assessment Resources Inc. Raw scores are converted to t-scores based on 
a normative sample of 1,136 adults, with a score of > 65 defining clinically impaired on 
this assessment.50 Higher scores indicate a higher level of impairment. Three validity 
scales (inconsistency, infrequency, and negativity scales) add strength and increase the 
reliability of the data. The BRIEF-A can be completed in 20 minutes.41-43 
Data Analysis 
 Demographic data will be compiled between the youth football and control 
groups with the mean and standard deviation calculated for comparison. Data from the 
BRIEF-A assessments will be reported from Psychological Assessment Resources in a 
comparison table with raw score, t-score, and 90% confidence intervals and will be 
treated as a dichotomous variable: no impairment corresponding to a t-score <65 and 
impairment corresponding to a t-score >65.50 Chi square will be used to determine if an 
association between youth football participation and increased BRIEF-A scores is 
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present. Demographic variables will be analyzed independently to determine any 
association with the youth football and control groups. An odds ratio and confidence 
interval will be used to determine the magnitude of any associations present. Finally, all 
validity scales will be examined for atypical response patterns. 
Timeline and Resources 
January 2018 - Submit to IRB for approval 
- Obtain approval from Pop Warner to distribute 
through their email  
 
Spring 2018 
 
- Securing funding via grants 
 
Fall 2018 
 
- Email inquiries to parents of current players 
- Open surveys and BRIEF-A online assessment 
 
Spring 2019 
 
- Data analysis 
 
Summer 2019 
 
- Submit manuscript for peer review 
 
Key personnel necessary to complete this project on time include the primary 
investigator in charge of project oversight. A co-investigator will assist in recruitment 
and serve as the liaison between Psychological Assessment Resources, who is collecting 
the BRIEF-A data, and the study team. Data analysis will be completed in Microsoft 
Excel with the assistance of a statistician. Estimated personnel time is 50 hours to 
manage participants, aid in data collection, and analyze the data. 
 The BRIEF-A is sold by Psychological Assessment Resources. The inventory 
costs $3.00 per use plus $2.50 per score report generated. In addition, one BRIEF-A 
Professional Manual will be required at a cost of $79.41 With a sample size of 50, this 
study will require $354 to cover the cost of the assessment. Funding will be secured 
through grant money, with proposals being sent out to the CDC, the Brain Research 
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Foundation, and the American Medical Society for Sports Medicine. 
Institutional Review Board 
 A detailed protocol will be submitted to the Boston University IRB through the 
INSPIR application before any recruitment occurs. This is an observational study, with 
no greater than minimal risk, and not utilizing a vulnerable population; therefore, this 
study will file for exempt status.  
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CONCLUSION 
Discussion 
 This observational study would start to bridge a gap in the literature 
concerning youth football participation and future neurocognitive function. The 
headlines dominating CTE hypothesize an association between youth football and 
brain damage later in life. Yet nearly all of the current CTE research is focused on 
professional athletes, a markedly different group than majority of youth football 
players who participate a few years and do not go on to play at higher levels. NFL 
players are individuals who have sustained the highest frequency and number of 
hits, the most intense hits, and have the most pressure to ignore possible concussive 
symptoms leaving them vulnerable to further trauma. Studying those who played 
only up through the high school level will elucidate data on what impact head 
trauma sustained during normal youth football has on the developing brain, and if 
that impact has a clinical presentation for the player as an adult.  
 This study benefits from a simple methodology, online data collection, and 
requiring a total of 25 minutes to complete the survey and BRIEF-A. However, one 
obstacle that may be encountered is response rate due to the lack of personal 
outreach inherent in email blasts. The parents must also have a computer in order 
to participate. In addition, a 75-item online assessment may seem too large a 
commitment to a parent and be a barrier to completing the study for some parents, 
thus inadvertently selecting a population with the ability to spend excess time 
online.  
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 This study will be completed with minimal financial and personnel resources, 
leading to some limitations. Only parents of current youth football players will be 
targeted for the sample population because this is an easily accessible group of 
former youth players already existing on an email database. There is a large group 
of former players that will not be included who do not have children, whose 
children are not currently playing youth football, or whose children play football in 
a league not in the Pop Warner organization. Another limitation is the BRIEF-A will 
be the only assessment measuring the cognitive status of sample participants. 
Although this has been validated for this population and is sensitive to TBI, using 
multiple assessments would add strength to the data, creating a more complete 
picture of the neurocognitive, neuropsychiatric, and behavioral status of the football 
and control group.43 This study only considers the neuropsychiatric effects, and only 
from one assessment. 
 This study will not produce conclusive results of cause and effect related to 
youth football and CTE, but will add to the discussion on the suggested risk of 
cognitive impairment in the adult that previously played youth football. This sample 
data would benefit most from postmortem correlation with pathologically 
diagnosed CTE in the study participants in the future. Discovering how the cognitive 
states of both groups compared to the analyzed pathology would allow for increased 
generalizability. Furthermore, this study is excluding individuals over 49 years old 
because ruling out other neurodegenerative processes in this older population 
would not be possible without more thorough testing. Clinically apparent cognitive 
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signs in neurodegenerative diseases often have their onset after age 49 and this 
sample would not capture those cases if present. The generalizability of the results 
is limited to male participants and only youth football. The results cannot be 
generalized to females or participants in other contact sports. It should also be 
noted that many safety changes have occurred in football’s rules, coaching styles, 
and equipment since this sample population played youth football that will limit 
what we can generalize about safety in youth football today.7 
The methods used in this study can act as a foundation for future research to 
expand upon when investigating the risks of long term effects of playing youth 
football, or another contact sport. Results may potentially add to the existing data to 
aid in identifying an age range when the risk of starting football is most serious, 
helping to inform the public on the medical risks and benefits to playing contact 
sports. 
Should an association between playing youth football and developing CTE 
later in life be found in this study and subsequent research focused on youth contact 
sports, the cost to society of children playing youth football would prompt 
widespread changes in football, with many parents not allowing their children to 
participate. Treating any patient with a chronic neurodegenerative disease is a 
challenge for any family, with massive personal and financial costs to individuals 
and the healthcare system. If that neurodegenerative disease was found to be 
preventable, and the prevention was as simple as not playing a specific contact sport 
as a child, participation would likely be decimated, with serious implications for the 
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multibillion-dollar industry encompassing the NFL. 
Summary 
 CTE is an area of controversy, in both the general football community and in 
the research community attempting to define and diagnose the subtle changes in 
brain pathology and function. As debates rage in the media and within youth 
football leagues about the safety of players, the research has yet to provide a firm 
conclusion of the relationship between athletic head trauma and neurodegenerative 
disease. Some have argued that association is already established, but there is no 
consensus. This study may show no association between playing youth football and 
impaired cognition as measured by the BRIEF-A. It would be a fallacy to take the 
absence of evidence as evidence of absence, and conclude there is no connection. 
The burden of connecting CTE neuropathology as a distinct entity to clinical signs 
and symptoms as a progressive disease still must be achieved. 
 Data available at this point on CTE is limited in number of cases, and is 
complicated by an inherent selection bias, with lack of control groups in many of the 
studies. Significantly more research is necessary to understand the etiologies, 
symptoms, and progression of this disease, and to establish repetitive head trauma 
in football as a cause. The actual clinical significance of hyperphosphorylated tau 
deposits in the brain is unknown, and may be present in the normal aging brain, 
stressing the importance of control groups that have not been present in major 
research up to this point. Advancing beyond case reports and convenience samples 
to utilizing control groups with well-matched populations and prospective 
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observational cohort studies is essential to making the best public health decisions 
around youth sports. 
Youth sports offer many benefits to children, from social skills to physical 
development, and declaring a major sport to be a public health risk has widespread 
consequences. Similarly, the brain health of developing children cannot be 
undervalued. CTE research has massive implications for individuals and 
communities around the nation, with sensational media attention deluding the 
conversation. Concussion awareness has never been higher at both the professional 
and youth level. Novel new technology such as diffusion tensor imaging, ImPACT 
testing, and helmets with accelerometers are exponentially increasing our 
knowledge around concussions and their hypothesized association with CTE. More 
focus must be placed on the risks to the millions of children who play contact sports 
or who may be pulled from contact sports due to unsubstantiated fear. However, as 
with any research on a topic with widespread media coverage and high financial 
stakes, care must be taken to avoid biased research. We must ensure that scientific 
research drives the conversation in the community around contact sports for the 
wellbeing of children. 
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